Background: The etiology of porokeratosis (PK) remains unknown, but immunosuppression is known to be a factor in the pathogenesis of PK and it may also exacerbate PK.
INTRODUCTION
Porokeratosis (PK) is a specific keratinization disorder, and is histologically characterized by the presence of a cornoid lamella, a thin column of closely stacked, parakeratotic cells that extend through the stratum corneum. Clinically, the basic lesion is sharply demarcated and hyperkeratotic, and may be annular with central linear or punctate atrophy. Five clinical variants are recognized, namely, PK Mibelli, PK palmaris et plantaris disseminata, linear PK, punctate PK, and disseminated superficial PK (DSP) and disseminated superficial actinic PK (DSAP) 1 
.
The etiologies of the different PK variants have not been established, but they are certainly multifactorial. Additional factors are presumed to trigger clinical manifestations in genetically disposed skin. . A significant number of PK cases have been reported to be associated with chemotherapies administered due to malignancy, organ transplantation, or systemic corticosteroid therapy, and more recently due to human immunodeficiency virus infection [4] [5] [6] . In particular, two large series of renal transplant recipients, found PK prevalences of 0.34% 7 and 10.68% 8 . The clinical pattern of PK associated with immunosuppression was DSAP in most patients, though a recent report found that the mixed pattern of PK Mibelli and DSAP was most prevalent 8 . Overseas, multiple case reports and series have described the development of PK in the setting of immunosuppression, which is widely recognized following solid organ transplantation. To the best of our knowledge, only three cases of PK following renal or heart transplantation have been reported in the Korean dermatological literature [9] [10] [11] . Here we report the clinical characteristics of 9 cases with PK associated with immunosuppressive therapy in renal transplant recipients who were treated at our hospital over the last 6 years. In addition, we include a review of the medical literature concerning the association between PK and immunosuppression.
MATERIALS AND METHODS
We reviewed the charts of 20 patients diagnosed with PK by skin biopsy at our Department of Dermatology from January 2001 to December 2006. Of these 20 patients, 9 patients with a history of renal transplantation were included, and their clinical characteristics and skin biopsy slides were reviewed. During this period, 298 renal transplantations were conducted at our hospital.
Clinical evaluations were performed on all 9 patients with respect to age, gender, medical and family history of PK and associated diseases. In addition, we examined the clinical features of the lesions, PK onsets after renal transplantation, regimen types, and durations of immunosuppressive therapy, and assessed therapeutic responses. Table 1 summarizes the clinical characteristics of the 9 renal transplant recipients with PK. At dermatological examinations, patient ages ranged from 38 to 67 years (mean age: 52 years). There were eight men and one woman, and no patient had previous or family history of PK. All patients had received renal allograft transplantation because of chronic renal failure. After renal transplantation, they received multi-drug regimens comprised of two or three immunosuppressive agents, namely, steroids, cyclosporine, azathioprine, mycophenolate mofetil, and/or tacrolimus. History taking revealed that all lesions developed after transplantation. Times between transplantation and lesion onset ranged from 2 to 9 years (mean: 4.1 years). The most commonly associated skin disease was verruca (4), and the others were recurrent herpes simplex infection (1), actinic keratosis (1), and cutaneous B cell lymphoma (1).
RESULTS
Clinically, the lesions were characterized by welldemarcated hyperkeratotic papules or plaques with slightly elevated peripheries. Cases 1, 2, and 3 had less than ten lesions, and all developed in the extremities. Lesions were 5 to 8 mm in diameter and were superficial, and annular, corresponding to DSAP. Cases 4, 8, and 9 had many lesions in the extremities and almost of all were small and superficial, corresponding to DSAP (Fig. 1) . Lesions of the trunk or neck presented as large, distinct hyperkeratotic plaque, corresponding to PK Mibelli (Fig. 2) . Cases 5, 6 and 7 had one or two plaques several centimeters in diameter with a highly raised periphery, corresponding to PK Mibelli.
Histopathologically, lesions commonly showed a keratin-filled invagination of the epidermis with a central raised parakeratotic column, the so-called cornoid lamella. In PK Mibelli, this invagination extended downward at a sleeper angle than that observed in DSAP (Fig. 3) .
Three patients (cases 1, 2 and 8) were treated with imiquimod. In one patient (case 2) only the lesions improved slightly initially, but there was no significant overall change. The other patients refused treatment. No malignant change was observed during follow-up visits which ranged from 1 to 5 years.
DISCUSSION
Although the mechanism linking immunosuppression and PK remains unclear, there is growing evidence suggests that immunosuppression may give . If this is the case, this could lead to the uninhibited expansion of mutant clones of epidermal keratinocytes, which corresponds with the clinical development of PK 3, 13 . PK development after organ transplantation is by far the commonest type of immunosuppressionassociated PK, and this is most common after renal transplantation 14 . The delay between organ transplantation and the appearance of PK ranges from 4 months to 14 years according to published reports, with an average of 4∼5 years 2 . In the present study, the average delay was also 4.1 years. It has been reported that the incidence of PK after renal transplantation varies from 0.38% 7 to 10.86% 8 .
Herranz et al
8 mentioned that result discrepancies might be explained, in part, by the fact that the clinical picture of PK is easily overlooked by physicians. Immunosuppressant protocol differences might also explain these different incidences, though this suggestion is substantially unsupported 298 patients have undergone renal transplantation at our hospital over the past 6 years, and thus, we would estimate the incidence of PK to be approximately 3%. During this 6-year period, PK was constantly detected among renal transplant patients, and no significant changes were made to the immunosuppressive regimens used.
According to a study by Herranz et al 8 , the most common clinical pattern of PK has mixed characteristics of PK Mibelli and the superficial disseminated forms, that is, a few stable, less prominent lesions were scattered over sun-exposed areas of limbs. However, the definition of 'mixed characteristics' is unclear, and thus, we were unable to determine this terms means that DSAP and PK Mibelli coexist. In the present study, three cases (cases 4, 8, and 9) of the 9 cases enrolled showed coexisting PK Mibelli and DSAP, which prevents our confirming the dominant clinical variant of PK after renal transplantation. Further studies are required to elucidate this issue.
The premalignant potential of PK in immunocompetent patients has been well documented, as squamous cell carcinoma, basal cell carcinoma, or Bowen's disease arise in approximately 7% of reported cases [15] [16] [17] . This high incidence is probably related to chromosomal instability in fibroblasts and to the existence of abnormal clones in the epidermis of lesions. Interestingly, the frequency of squamous cell carcinoma has been estimated to be 40 to 250 times higher in renal transplant recipients than in the general population 18 . In addition to immunosuppressive agents, human papilloma virus infection and exposure to sunlight are risk factors of cutaneous squamous cell carcinoma in organ transplant recipients 18, 19 . Because squamous cell carcinoma is much more aggressive and more frequently metastasizes in transplant recipients than in the general population, PK development after renal transplantation must be carefully followed up 18, 20 . All of the patients in this study were followed-up for 1 to 5 years, but no malignant change was observed.
Physical destruction of lesions by electrodessication, cryotherapy, or carbon dioxide laser treatment is an effective therapy for PK, though these treatments have undesirable potentials for scarring and depigmentation. More superficial lesions may response temporarily to topical retinoids or photodynamic therapy 21, 22 , and imiquimod (Aldara Ⓡ ; 3M, Loughborough, UK) was recently reported to be an effective treatment for PK 23 . However, in the present study, the single patient treated by imiquimod showed little improvement. Previous authors concur with the view that PK lesions in transplanted patients should be treated to prevent the development of squamous cell carcinoma 20 .
In conclusion, PK in renal transplant recipients can show coexistent clinical variants. Further studies on this topic are needed, and physicians should strive to avoid understanding PK in renal transplant recipients.
